Chlorophyll converts harvested light into chemical energy during the strategic process of photosynthesis in chloroplasts. Protochlorophyllide reduction in the chlorophyll formation is catalyzed by two complex enzymes; light-dependent protochlorophyllide oxidoreductase (LPOR) and dark-operated protochlorophyllide oxidoreductase (DPOR). Of these two, DPOR is a three-subunit complex in which ChlB plays a vital role in developing photosynthetically competent chloroplasts. What has not been reported before is the complete structural and functional annotation of ChlB subunit from plants. Sequence, structure and functional analyses of the ChlB subunit are performed using a blend of molecular biology and bioinformatics approaches to identify conserved residues and distribution of amino acids. Complete ChlB sequence analysis coupled with phylogenetic analysis, molecular docking and protein-protein interaction reveal that the ChlB is thermo-stable, acidic and hydrophilic in nature. The 3D structure (RMSD of 0.20Å) of ChlB is predicted and used as a target in docking and protein-protein interaction studies. Structural characterization of ChlB further elucidates that the amino acids Arg18, Asn175, Glu221 and Asp311 being important catalytic residues are involved in the basic function of ChlB and its interaction with other DPOR subunits. Further, the mutation analysis substantiates the central role of predicted catalytic residues in the structure of the ChlB. We conclude that the generated information will facilitate researchers in engineering chlorophyll pathway to improve photosynthesis in plants.
INTRODUCTION
Photosynthetic organisms contain one of the most important molecules, chlorophyll, that converts captured solar energy into its biochemical form. Chlorophyll is an important tetrapyrrole pigment, which is responsible for harvesting and conversion of solar energy into its chemical form during the process of oxygenic photosynthesis on our planet (Gust et al., 2001; Nelson and Junge, 2015; Tsukatani and Masuda, 2015) . Chlorophyll and different other pigments are produced as metabolic products (Reinbothe et al., 2010) of a complex biosynthetic pathway. The first intermediate of chlorophyll synthesis pathway is d-aminolevulinic acid (ALA), which is a C5-compound and the pathway is termed as C5-pathway (Foyer and Noctor, 2000; Camp et al., 2003; Tanaka and Tanaka, 2007; Blankenship, 2013) . Protochlorophyllide is precursor of chlorophyll a that lacks the phytol side chain of chlorophyll. Protochlorophyllide forms chlorophyllide by reduction of its C17=C18 double bond and converts porphyrin ring to a chlorine ring during the biosynthesis of chlorophyll. Chlorine ring contain magnesium (Mg 2+ ) usually called chlorophylls and are the main photosynthetic pigments in chloroplast. Chlorophyllide then immediately converted into chlorophyll a as shown in Figure 1 (Tanaka and Tanaka, 2007; Musuda and Fujita, 2008; Reinbothe et al., 2010; Nazir and Khan, 2012) . Asymmetric conjugated double bond system is essential for efficient light absorption of chlorophyll a, because it increases the absorption ability by shifting towards stronger wavelength that is visible or closer to the ultraviolet. Therefore, manipulation in chlorophyll pigment has an important impact on light absorption and leads to a change in the absorption properties of tetrapyrrole ring systems for wavelengths from 627 to 665 nm (Lebedev and Timko, 1999; Muraki et al., 2010; Reinbothe et al., 2010) . The reduction of protochlorophyllide to chlorophyllide in photosynthetic organisms is catalyzed by two different enzymes: LPOR (light-dependent protochlorophyllide oxidoreductase), a nuclear-encoded light-dependent plastidlocalized single subunit enzyme that requires light for its activation in angiosperms, and DPOR (dark-operated protochlorophyllide oxidoreductase), a light-independent, plastid-encoded enzyme that is composed of three subunits; ChlL, ChlN, and ChlB. From an evolutionary perspective, light-dependent chlorophyll biosynthesis is assumed to be a universal feature of oxygenic photosynthetic organisms (Schoefs and Franck, 2003; Eckhardt et al., 2004) ; however, genes (ChlL, ChlN, and ChlB) encoding three protein subunits of DPOR are highly conserved in their nucleotide sequence in the plastid genome of most gymnosperms (Wakasugi et al., 1994) , bryophyta (Ohyama et al., 1986) , pteridophyta (Yamada et al., 1992) and algae, chlorophyta (Suzuki and Bauer, 1992; Li et al., 1993) and rhodophyta (Reith and Munholland, 1993) , and in the chromosomal DNA of cyanobacteria (Ogura et al., 1992; Fujita, 1996) and an oxygenic photosynthetic bacteria (Burke et al., 1993) . These photosynthetic organisms can green and assemble functional chloroplasts in the dark and are ready for photosynthesis upon exposure to light (Yamazaki et al., 2006; Kusumi et al., 2006) . However, darkness promotes etiolation in the seedlings of angiosperms because they lack DPOR genes. Consequently, the distribution of DPOR and LPOR entails that the two systems coexisted throughout evolution from the cyanobacteria to the gymnosperms but that the genes encoding DPOR subunits were lost during the evolution from gymnosperms to angiosperms and, as a result, lost their ability to green in the dark (Shi and Shi, 2006; Demko et al., 2009) . Hence, the reduction of protochlorophyllide to chlorophyllide in the absence of light in most dark-grown organisms, other than etiolated angiosperms, correlates with the presence of the ChlL, ChlN, and ChlB genes (Shi and Shi, 2006) . To date, the sequenced plastid genomes have revealed that plastomes either encode all three subunits or completely lack these genes. Nevertheless, it has been observed experimentally that ChlB is most essential as compared to other subunits encoded by ChlL and ChlN genes for light independent protochlorophyllide reduction in chlorophyll biosynthesis (Karpinska et al., 1997; Cahoon and Timko, 2000; Fujita et al., 2015) . Disruption of the ChlB gene from plastome of Chlamydomonas reinhardtii developed yellow mutants (Liu et al., 1993) , whereas null mutants of cyanobacterium failed to synthesize chlorophyll under dark conditions . However, disruption of ChlB from liverwort Marchantia polymorpha L. resulted in low chlorophyll synthesis in dark and revealed the importance of ChlB, which is particularly required for protochlorophyllide reduction under short day conditions (Ueda et al., 2014) . These research findings clearly suggest that the ChlB has a pivotal role in the activity of DPOR. Apart from its important role in chlorophyll biosynthesis, ChlB also has different other functions, which enhance its significance. Ribulose 1, 5-bisphosphate carboxylase/oxygenase (rbcL) gene has been broadly used in phylogenetic analysis of plants as a molecular marker. Evolutionary rate of ChlB is much higher as compared to rbcL. Therefore, ChlB sequence can also be used as a molecular marker in phylogenetic analyses. Guo et al. (2006) used ChlB as a DNA marker for identification and discrimination of Ephedra species and the crude drugs derived from them, which has been used in Japanese/Chinese traditional medicine. However, ectopic expression of ChlB-coding gene in the chloroplasts of tobacco has resulted in root development when transgenic tobacco plants were grown under dark conditions. Further, the chlorophyll synthesis in transgenic plants compared to wild type was more efficient upon transfer from dark to light. These research results clearly indicated that the ChlB gene also contribute in regulation of certain developmental processes in addition to be a DPOR core subunit (Nazir and Khan, 2012) . Different genetic and molecular studies revealed that the LPOR and subunits of DPOR have no sequence similarity and suggested that the photosynthetic organisms evolved these mechanisms autonomously. Complete details of DPOR mechanism of action is not revealed to date. Few questions are still unanswered that how DPOR catalysis the stereospecific protochlorophyllide reduction, how its subunits interact with each-other, how it is evolved and how it structurally related to nitrogenases (Fujita and Bauer, 2000; Muraki et al., 2010) . Further, complete structural and functional annotation of ChlB subunit is also not elaborated up till now. Thus, there is a strong need to explore ChlB structure and function which would be helpful in understanding the mechanism of DPOR. Keeping in view the importance and applications, we have performed structural as well as functional annotation of Pinus thunbergii ChlB subunit using different bioinformatics tools. Gymnosperm Pinus thunbergii, a Japanese Black Pine has the ability to reduce protochlorophyllide to chlorophyllide in light independent fashion whereas all of the angiosperms have lost this ability during the process of evolution (Armstrong, 1998) . The present study offered novel insights into the structural features of ChlB and mutation analyses substantiated the central role of predicted catalytic residues in the structure of the ChlB. We conclude that the generated information could facilitate researchers in engineering chlorophyll pathway to improve photosynthesis in plants.
MATERIALS AND METHODS
In this study, various desktop-based applications were employed to characterize ChlB sequence, homology modeling, molecular docking, protein-protein interaction and mutation analysis including ClustalX v2.0 (Larkin et al., 2007) , MEGA v6.0 (Tamura et al., 2013 ), Modeller v9.11 (Webb et al., 2014 , UCSF Chimera (Pettersen et al., 2004) , Molecular Operating Environment (MOE, 2005) and PyMol (Seeliger and de-Groot, 2010) . Sequence characterization: Total genomic DNA of Pinus thunbergii was extracted using CTAB-isopropanol precipitation method (Paterson et al., 1993) and further used as template in PCR (Eppendorf MasterCycler, F. HoffmannLa Roche Ltd., Foster city, California, USA). The primers (S4: 5'-GAT ATC AAA TTA GCC CA-3'; S5: 5'-GAT ATC TTA ATG CTT CT-3') were designed to amplify ChlB gene with suitable restriction sites on either ends. The PCR program was set for 30 cycles at 95°C for 2 min., 56°C for 2 min. and 72°Cfor 3 min., with a step of 72°C for 10 min. The resulting 1.5 kb DNA fragments were purified using Gel-Elution Kit (Thermo Scientific, Waltham, Massachusetts, USA). The PCR products were then ligated into PTZ57R/T. Restriction analysis were performed to confirm the cloning of desired gene that was also sequenced for sequence confirmation. The nucleotide sequence of cloned ChlB gene was translated into protein sequence using Translation tool of JustBio online server (http://www.justbio.com/index.php?page=translator).
The physicochemical properties of ChlB sequence were calculated by ProtParam tool of EXPASy server (Gasteiger et al., 2003) . In order to recognize the similar sequences, key/conserved residues accountable for catalytic activity of the ChlB and to infer phylogeny, multiple sequence alignment of ChlB with other closely related species having known ChlB protein was performed using ClustalX2 software (Larkin et al., 2007) . ESPript-3 (http://espript.ibcp.fr/ESPript/ESPript/; Robert and Gouet, 2014) , SOPMA (Geourjon et al., 1995) and PSIPRED Server (McGuffin et al., 2000) were used to predict the secondary structure of ChlB. Structural characterization: Homology modeling was carried out using Modeller (v9.11), because a good quality template was available for structure prediction. The retrieved sequence of ChlB was used as query sequence in PSI-BLAST against Protein Data Bank (PDB) to search out a potential template for homology modeling (Bernstein et al., 1978) . After selecting template, the alignment between template and ChlB sequence was generated by align2d function of Modeller. Once a target-template alignment was constructed, Modeller calculated 3D models of the target completely automatically by using its auto model class. Over 30 models were built and analyzed for their quality and steriochemical properties through PROCHECK Ramachandran plot (http://services.mbi.ucla.edu/PROCHECK/; Laskowski et al., 1996) , ProSA-web Z-score (https://prosa.services.came. sbg.ac.at/prosa.php; Wiederstein et al., 2007) , Qmean plot (https://swissmodel.expasy.org/qmean/cgi/index.cgi; Benkert et al., 2009) , ERRAT (http://services.mbi.ucla.edu/ERRAT/; Colovos et al., 1993) and VERIFY 3D (http://services.mbi. ucla.edu/Verify_3D/; Liithy et al., 1992) . Further, Root Mean Squared Deviation (RMSD), superimposition of query and template structure analyses were performed using UCSF Chimera and FATCAT server (http://fatcat.burnham.org/; Ye and Godzik, 2004) . Molecular docking studies: Molecular docking analyses were performed using MOE (Molecular Operating Environment) software. Best predicted ChlB model on the basis of model evaluation analysis was selected and optimized by minimizing its energy with parameters (Force Field: AMBER99, Gradient: 0.05). The minimized structure was used as the receptor protein for docking. MOE site finder tool was used to find out the active site where ligand can bind. To select a suitable ligand, ChlB was docked against whole ZINC database contacting 35 million potential compounds in 3D ready to dock format (Irwin and Shoichet, 2005) . MOE docking program with parameters (Rescoring function: London dG, Placement: Triangle matcher, Retain: 10, Refinement: Force field, Rescoring 2: London dG) was used to bind the selected ligand with ChlB protein.
Protein-Protein interaction analysis:
The interaction studies were carried out using ClusPro (Comeau et al., 2004) . DPOR have three subunits ChlB, ChlL and ChlN. These subunits interact with each-other and play a critical role in chlorophyll biosynthesis (Nomata et al., 2005; Heyes and Hunter, 2009; Fujita and Bauer, 2012) . In this study, ChlB used as a receptor and ChlL, ChlN were used as ligands to study protein-protein interaction. No three-dimensional structures were found of Pinus thunbergii ChlL and ChlN proteins. Therefore, we predicted 3D structure of ChlL and ChlN by using homology modeling method through Modeller (v9.11) (Webb et al., 2014) . Furthermore, Pymol software (Seeliger and de-Groot, 2010 ) was used to analyze and visualize the interactions between receptor and ligand complexes. Mutation analysis: NetSurfP an online program was used to identify the surface accessibility of all predicted residues (Petersen et al., 2009) . After examining the surface accessibility, possible effects of mutations on stability and functionality of ChlB protein were determined using bioinformatics tools SNAP, predicting the effect of mutation on protein functionality (Bromberg and Rost, 2007) and IMutant2.0, predicting the effect of mutation on protein stability (Capriotti et al., 2008) .
RESULTS

Sequence characterization:
In this study, ChlB gene was isolated from Pinus thunbergii using gene-specific primers in Polymerase Chain Reaction. Amplified gene fragment was cloned into TA cloning vector (PTZ57R/T, Fermentas, Waltham, Massachusetts, USA). Ligation of amplified gene fragment into the TA cloning plasmid vector was confirmed using EcoRV restriction enzyme, engineered in both (forward & reverse) primers (Fig. 2) . Further in this study, the translated sequence of the ChlB gene was characterized using ProtParam tool of EXPASY (Gasteiger et al., 2003) . The calculated isoelectric point (6.16) showed that the ChlB is an acidic protein of 57741.1 Dalton molecular mass. The calculated isoelectric point is very important and it will significantly facilitate researchers in separation of ChlB from crude extract using polyacrylamide gel by isoelectric focusing. The measured extinction coefficient (43485) Figure 3 . thunbergii with highly similar sequences of P._massoniana (YP_008082244.1), P._brutia (AET44790.1), P._taeda (YP_008082317.1), P._radiata (AET46004.1), P._pinea (AET46575.1), P._serotina (AET45645.1) and P._glabra (AET48443.1). Accurate functional annotation for genes/proteins is an important step in the era of high throughput genome and gene sequencing. Most of functional annotation methods used today are comparative in nature and do not take benefit from phylogenetic perspective. Evolutionary analysis coupled with homology bases multiple sequence alignment greatly facilitate the researchers of biology in functional predictions of many genes/proteins (Eisen and Wu, 2002; Dereeper et al., 2008) . Phylogenetic dendogram was constructed through ClustalX2 software, using neighbor joining method based on multiple sequence alignment of ChlB protein, with other closely related families and analyzed with the help of MEGA v6.0 (Tamura et al., 2013) software (Fig. 4) . Secondary structure information is very useful to determine protein structure, function and solubility. High fraction of helices in any protein structure makes it flexible for folding and increases its interaction with other proteins (Tokuriki and Tawfik, 2009 ). Different tools have been used to predict secondary structure of proteins which have success rates ranging from 56 to 70%. We choose SOPMA and PSIPRED Servers because these servers have gained additional 4% prediction power and attained 73.2% success rates as compared to other tools used now a day (Geourjon et al., 1995; McGuffin et al., 2002) . Secondary structure predicted results of ChlB protein showed that it contains alpha helixes 46.27%, extended strands 15.10%, beta turns 7.84% and random coils 30.78%. Structural characterization: Known protein sequences in the result of genome sequencing projects are increasing day by day. But, only 1% sequences have been experimentally characterized for structure and functional determination. Computational proteins functional characterization is one of the fundamental research areas in biology which have the potential to bridge the proteins sequences and structures slit. Computational protein functional characterization is based on accurate 3D structure prediction of proteins by homology modeling method in absence of an experimentally determined structure of protein. Different tools have been developed for 3D structure prediction but Modeller v9.11 proved one of best tool for this task in many studies (Fiser and Sali, 2003; Eswar et al., 2008) . Modeller v9.11 was used for homology modeling. We selected template by using PSI-BLAST against PDB. The selected template (Chain B of Thermosynechococcus elongates dark operative protochlorophyllide oxidoreductase (chlN-ChlB) Complex; PDB ID: 2XDQ_B) showed total score 743, RMSD value with template sequence 2.40Å, identity 68%, E-value 0.0 and query coverage 100%. By using this template in Modeller total 30 models were developed. The best model was selected on the basis of structural evaluation with comparison to template and stereochemical analysis.
Structural evaluation and superimposition of selected model with the template was done by using UCSF Chimera software and FATCAT server and result showed a very low RMSD of 0.20Å. Z-score calculated with ProSA-web server. Z-score of 9.1 and RMSD value 0.20Å suggested that both template and ChlB protein have similar folds. To analyze the compatibility of predicted 3D model with its own amino acids sequence ERRAT and Verify-3D servers have been used. Results revealed that 99.2% of the residues had an average 3D-1D score of <0.2, predicting that the model is well-matched with its sequence. Ramachandran plot is based on the distribution of backbone dihedral angles and it is a simple method to judge the quality of a protein structure (Hooft et al., 1997) . ProCheck server was used to calculate Ramachandran plot, results showed that 96% of residues were in most favored region and 99.2% are in allowed region which strengthen our results and prove the quality of predicted ChlB 3D structure. However, Qmean plot and knowledge based energy graph also show favorable results. Detail of structural characterization is shown in Figure 5 . To facilitate the other researcher, predicted model was submitted to Protein Model Database (PMD) and has been assigned the following PMID-0080059. Figure 6 . Furthermore, the predicted 3D structure was used to study ChlB interactions with DPOR other subunits through protein-protein interaction. function in different pathways. ClusPro server was used to carry out interaction analysis of DPOR subunits. It is the only tool available to date which offers fully automated online program for computational protein-protein interaction study (Comeau et al., 2004) . In the results predicted by ClusPro, ChlB were found to be interacted with ChlL and ChlN. Furthermore, PyMOL v1.7.4 was used to determine the name and number of residues of ChlB protein interacted with residue of ligand proteins (Table 1) . Our results clearly highlighted that the ChlB is interacting with other sub-units of DPOR ChlN and ChlL which strengthen and proved the already purposed hypothesis that the ChlB is involve in light independent photosynthesis and crucial for chlorophyll biosynthesis in dark. Mutation analysis: NetSurfP tool predicted the surface accessibility and provide information that Arg18 and Glu221 amino acids are exposed while Asn175 and Asp311 buried inside the core structure of ChlB protein. Therefore, it was concluded that any mutation in Arg18 and Glu221 may results in higher conformational as well as functional changes in ChlB protein as compared with Asn175 and Asp311 and effect protein stability. SNAP and I-Mutant 2.0 estimated the effect of each amino acid mutation on protein functionality and stability respectively. SNAP give results in numerical values form ranging from -100 to +100. A lower/negative value represents the neutral effect while a higher/positive value represents the functional aberration (Bromberg and Rost, 2007) . The output of SNAP revealed that any mutation at Arg18, Glu221 and Asp311 positions potentially affect (<80) the function of ChlB protein. In case of Asn175, only Asn175 mutation affects function of protein while all other mutations were found neutral. I-Mutant 2.0 works on the basic principle of Gibbs free energy principle and calculates AAG values before and after mutation. It creates mutations in protein sequence by replacing the target amino acid with other nineteen amino acids and measures the effect of each mutation on protein stability (Capriotti et al., 2008) . The output of I-Mutant 2.0 revealed that any mutation at Arg18 position leads to decrease in stability and potentially damaging to overall protein structure. Meanwhile, mutations at Asn175, Glu221 and Asp311 position showed different response (Table 2) .
DISCUSSION
Of the items, photosynthetic pigments (chlorophyll) are considered as very important and crucial targets for improvements (Khan et al., 2007b; Nazir and Khan, 2012) . During the biosynthesis of chlorophyll, protochlorophyllide reduces to chlorophyllide that converted to chlorophyll an instantly. The reduction of protochlorophyllide is very important step, which involves two different enzymes (LPOR and DPOR) depending upon availability of light (Armstrong, 1998; Reinbothe et al., 2010) . DPOR is a complex of three subunits encoded by chloroplast genes; ChlB, ChlL and ChlN and present in many photosynthetic organisms such as photosynthetic bacteria, green algae and gymnosperms (Reinbothe et al., 2010; Muraki et al., 2010) .
To date, few questions are remained to be answered. For example, how DPOR catalyses the stereospecific protochlorophyllide reduction, how its subunits interact with each-other, how it is evolved and structurally related to nitrogenases (Fujita and Bauer, 2000; Muraki et al., 2010) . Different studies have been carried out to reveal the roles of DPOR subunits. A number of independent studies have revealed that ChlB is essentially important compared to other two subunits (ChlL and ChlN) for light independent protochlorophyllide reduction, hence could be engineered to improve photosynthesis (Karpinska et al., 1997; Cahoon and Timko, 2000; Fujita et al., 2015) . But the complete structural and functional annotation of ChlB subunit is yet to be elaborated. Glu259, Arg158, Asp126, Asp37, Glu193, Pro271, Asn270, Met1, Arg184, Asn281, Asn284, Asn151, Arg181, Arg210
ChlB ChlN Arg388, Leu3, Met7, Tyr38, Asn37, Asn51, Ile461, Arg79, Gln101, Glu49, Glu84, His51, Tyr409, Phe39, Arg18, Asn175, Glu221, Asp311
Glu62, Arg91, Gln52, Asn53, His19, Lys467, Val466, Asn17, Ser380, Glu72, Asn402, Thr462, Ile59, Tyr49 (Punta and Orfan, 2008; Pitre et al., 2008; Dereeper et al., 2008; Nawaz et al., 2014) . For the very first time in present study, we have carried out structural as well as functional annotation of plant's ChlB subunit using different computational biology and bioinformatics approaches. We divided our studies in five parts. In first part, we isolated, cloned, sequenced and characterized the ChlB and predicted its physiochemical properties, homology/similarity with closely related species, phylogeny and secondary structure. Multiple sequence alignment is an essential technique for structure and function prediction of protein and phylogenetic analysis (Edgar and Batzoglou, 2006) . Information about secondary structure of protein is very helpful to get better target-template alignment during the process of structure prediction. In second part, we predicted 3D structure of ChlB followed by its validation to get more insight into ChlB structure/function. Homology modeling method was utilized to determine the 3D structure of ChlB of Pinus thunbergii. Homology modeling is a computational technique in which three-dimensional (3D) protein structure build by using experimentally (NMR, XRay crystallography) determined structures of related family members as templates (Bordoli et al., 2008) . Although overall structure was well predicted but further analysis were performed to check model quality and found reasonable. In third part, we docked predicted structure with a suitable ligand to identify active site residues which could be target in experimental analysis. Molecular docking involves multiple computational methods to predict the true binding orientations of small molecules within their protein targets (Lengauer and Rarey, 1996) . In fourth, we check ChlB interaction with other subunits of DPOR and predict the interacting residues. 3D structure of other DPOR subunits ChlL and ChlN were first predicted by homology method and their interaction with ChlB subunit was determined computationally. Many cellular functions are based on interactions of different proteins. A large number of experimental methods have been applied so far to discover protein-protein interactions. But all experimental techniques are costly, take too much time and need high expertise. However, computational techniques propose solutions for these problems (Pitre et al., 2008) . We therefore consider bioinformatics tools for protein-protein interaction prediction. In fifth and last part, we determined the effects of mutations (in predicted active site residues) on protein structure and verify the potential of our prediction. Functional annotation through in vitro mutagenesis is a popular methodology to determine the function of an unannotated gene/protein sequence (Alonso et al., 2003) . But these experimental methods are time consuming and have high costs. We used in silico mutagenesis approach in this study to verify further the activity and importance of predicted catalytic site residues in ChlB functioning. Resulted information will ultimately facilitate researchers working on in vitro mutagenesis. Catalytic site amino acid position in protein structure is very much important. The tendency of mutation in exposed amino acids is higher than the buried due to their involvement in core interaction formation necessary for stability of protein. Resulted information showed that mutations at Arg18, Asn175, Glu221 and Asp311 positions could significantly disrupt the overall structure of ChlB protein. These mutation analysis results greatly facilitate researcher working in vitro. The presence of Arg amino acid in the first 20 residues of nuclear encoded plastidic proteins is rare. In-vitro mutagenesis of chloroplastic proteins revealed the role of Arg residue. Mutation in Arg residue disrupts the import and processing of proteins in chloroplast (Pujol et al., 2007) . The presence of Arg at position 18 in Pinus thunbergii ChlB protein and also its involvement in catalytic site suggest that the predicted residues could be further studied for engineering chlorophyll biosynthesis. The results of our study proposed novel insights into the structural features of ChlB and gives worthwhile information. Hence, we conclude that the information obtained from present study will greatly facilitate the researchers working on DPOR mechanism analysis and possibly be regarded as a step forward to engineer chlorophyll biosynthesis for improved photosynthesis.
